. (1978). Thorax, 33,[85][86][87][88] (Miller and Serjeant, 1971) . Alveolar-capillary sickling and haemoconcentration (sludging), and possible differences in reactivity of normal adult haemoglobin and sickle haemoglobin with the test gas, might affect the single breath carbon monoxide transfer factor. The clinical importance of these factors has been assessed by examination of the relationships of lung function with body dimension, haemoglobin concentration, and haemoglobin type, and a system has been evolved for the interpretation of lung function in the sickle-cell states.
The assessment of lung function in the sickle-cell haemoglobinopathies is confounded by several features of this group of disorders. A comparison of results with average normal values for healthy subjects of the same stature is invalidated by a growth disorder characterised by long limbs (Miller and Serjeant, 1971) . Alveolar-capillary sickling and haemoconcentration (sludging), and possible differences in reactivity of normal adult haemoglobin and sickle haemoglobin with the test gas, might affect the single breath carbon monoxide transfer factor. The clinical importance of these factors has been assessed by examination of the relationships of lung function with body dimension, haemoglobin concentration, and haemoglobin type, and a system has been evolved for the interpretation of lung function in the sickle-cell states.
Subjects
Three groups, all of African descent, gave informed consent for study. There were 21 men and 12 women with normal adult haemoglobin (Hb AA), 17 men and 16 women with homozygous sickle-cell disease (Hb SS) , and 21 men and 22 women with sickle cell-haemoglobin C disease (Hb SC) . The healthy group comprised volunteers drawn from a suburb of Kingston, Jamaica. The patients with haemoglobinopathy attended the 85 sickle-cell clinic of the University Hospital of the West Indies, Jamaica. Diagnostic criteria have been summarised elsewhere (Serjeant, 1974) . None had any clinical or radiological evidence of respiratory disease at the time of study, and all were in a clinically stable state. Of the men, five of the healthy group, five with SC disease, and three with SS disease smoked up to 15 cigarettes daily, and one healthy subject smoked 20 cigarettes each day. All women were non-smokers except one with SC disease, who smoked five cigarettes daily.
Methods
Lung function was measured during the morning with the subject seated upright, using standard techniques (Cotes, 1975) and a semi-automated apparatus (Resparameter; P. K. Morgan Limited). Vital capacity was measured by spirometry, and functional residual capacity and hence total lung capacity were assessed by the closed-circuit helium dilution method. The single-breath carbon monoxide transfer factor was calculated at an alveolar volume obtained by summing the volume of the single breath and the residual volume given by helium dilution (Ogilvie et al., 1957 (SS, SC) , and sickle-cell disease (healthy, haemoglobinopathy) were created and used as further independent terms in the analysis, together with the interaction terms of the dummy variates with the continuous variates (for example, sexXstanding height). Thus, for example, in the case of lung volumes the step-down procedure began with four continuous independent variates (age, standing and sitting height, and weight), two dummy variates (sex and haemoglobin type), and eight interaction terms, employing the data for all patients with haemoglobinopathy. The procedure was designed to reject all non-significant interacttion terms before proceeding to handle the continuous variates. Data could be combined whenever the dummy variate and its interaction terms failed to achieve statistical significance. Finally, whenever the data for SS SC disease could be combined the analysis was repeated, using the dummy variate for sickle-cell disease, in order to determine whether or not the data for healthy subjects and those with haemoglobinopathy could be pooled.
Results Table 1 shows that average haemoglobin concentration was lowest in SS disease, that it was similar in females with SC and AA haemoglobin, and that it was lower in SC males than in AA males. The range of haemoglobin concentration in SC disease overlapped those of healthy subjects and SS patients. Standing height was increased, and the ratio of sitting height to standing height was decreased in SS disease compared with the other groups. The greatest group average body weight occurred in the AA groups, the lowest in the SS groups, the SC groups being intermediate. Table 2 presents the lung volumes and transfer factor by sex and haemoglobin type. Both vital capacity and total lung capacity were reduced in the haemoglobinopathies compared with the healthy group, and transfer factor was significantly reduced in SS disease but not in SC disease.
Vital capacity and total lung capacity increased significantly with increasing standing height in healthy subjects and in men with SC disease, but not in the remaining groups. In contrast, both lung volumes increased significantly with increasing sitting height in all groups, and the slopes of these Interpretation of lung function tests in the sickle-cell haemoglobinopathies (Cotes, 1975) . Transfer factor increased significantly with increasing standing height and sitting height in healthy subjects but no similar relationships were apparent in any of the groups possessing haemoglobin S, even after allowance for age and haemoglobin concentration. Positive and statistically significant correlations were found between transfer factor and total lung capacity in men with AA and SC haemoglobin, and in women with SS disease; and between transfer factor and haemoglobin concentration in all female groups and in men with SS disease. Transfer factor declined significantly with age in healthy women and in men with SC disease. The step-down regression procedure produced the multilinear regression relationship presented as Table 4 . The best fitted regression was obtained when transfer factor and haemoglobin concentration were expressed in reciprocal form. Table 4 shows that the partial regression coefficients of transfer factor on haemoglobin concentration, total lung capacity, and age were common to all groups, and that transfer factor at standard lung volume, haemoglobin concentration, and age did not differ significantly with haemoglobin type. The positive partial regression coefficient on sex indicates a smaller transfer factor in women than in men irrespective of haemoglobin type. Table 4 Regression relationship for prediction of reciprocal of single breath carbon monoxide transfer factor (mmol min-' kPa-'), according to total lung capacity, haemoglobin concentration, age, and sex 
Discussion
The prediction equations presented have been found to be of use in the assessment of pulmonary disease in the sickle-cell disorders. Lung volumes Rodkey et al. (1974) , but the reactivity of this gas with Hb S is still unknown.
The suitability of these prediction relationships for healthy subjects of African descent and for those with SS or SC disease can be assessed by comparison of measured and predicted mean values for each group, as in Table 5 . Agreement is good for all male groups and for females with SC disease. In healthy females and women with SS disease, the discrepancies are somewhat larger but the probability was that these differences were due to chance alone (P>0-05). 
